Context Few studies have examined the association between the number of coronary heart disease risk factors and outcomes of acute myocardial infarction in community practice.
ined the prevalence of coronary heart disease (CHD) risk factors in patients with myocardial infarction (MI). [1] [2] [3] [4] [5] These studies have included a meta-analysis from 14 international randomized clinical trials, 1 a case-control study, 2 results from 3 epidemiologic cohort studies, 3 a single-center academic institution, 4 and a community-based registry of patients with non-ST-segment elevation MI only. 5 In all of these reports, a majority of patients with MI presented with at least 1 of the 4 major modifiable cardiac risk factors (hypertension, smoking, dyslipidemia, and diabetes). However, these studies were limited to specific populations (those selected for clinical trials, cohorts restricted to a certain geographical area [Chicago or Framingham, Massachusetts], or patients with non-ST-segment elevation MI). Most of these studies did not focus on inpatient mortality during hospitalization for first MI. However, a recent study from a quality improvement initiative reported a modest but surprising inverse association between number of CHD risk factors and mortality in patients with non-STsegment elevation MI only. 5 The National Registry of Myocardial Infarction (NRMI) represents a large and generalizable communitybased cohort study of patients hospitalized with acute MI. The main objectives of our study were to ascertain the CHD risk factor distribution of pa-tients hospitalized with first MI, study the relationship between age at first MI and CHD risk factors, and determine the association of the number of risk factors and hospital mortality both overall and after adjusting for age and other clinical factors.
METHODS

Patient Population and Data Collection
The NRMI is an industry-sponsored national registry, the largest of its kind in the world, that has collected and analyzed hospital data from 2 160 671 patients admitted from 1994 to 2006 with confirmed MI at 1977 participating hospitals. NRMI analysis targeted 4 distinct periods during which data collection was modified to reflect changing MI care: NRMI 2 (1994 NRMI 2 ( -1998 ; n=772 586), NRMI 3 (1998 NRMI 3 ( -2000 ; n = 537 444), NRMI 4 (2000 NRMI 4 ( -2004  n=664 374), and NRMI 5 (2004 NRMI 5 ( -2006 n=186 267) . Institutional review board approval of data collection was obtained if required by the local hospital. Shown in FIGURE 1 is the flow diagram of the total registry population, the patients excluded, reasons for exclusion, and the final study population.
The diagnosis of MI was based on a clinical presentation consistent with acute MI and was determined by each local hospital. This process primarily involved an International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code of 410.X1 or elevated cardiac biomarker level, electrocardiographic evidence of acute MI, or alternative enzymatic, nuclear cardiac imaging, or autopsy evidence indicative of acute MI. Case ascertainment and clinical data were previously validated by comparison with the Medicare Cooperative Cardiovascular Project. 6
Study Variables
Five major CHD risk factors were recorded at hospitalization and included any smoking history, diabetes, hypertension, dyslipidemia, or family history of CHD, defined as an immediate relative receiving a diagnosis of having CHD before age 60 years. These risk factors were identified before and during hospitalization, as documented in the medical record, and were based on patient/family self-report or previous medical records.
Other variables included in this study are listed in TABLE 1. Weight (in kilograms) was available throughout the entire study period, and body mass index (BMI) was available only in NRMI 4-5 (2000 NRMI 4-5 ( -2006 . The categories of BMI were defined as follows: underweight, BMI less than 18.5; normal,BMI 18.5 to less than 25; overweight,BMI 25 to less than 30; obese,BMI 30 to less than 40; and morbidly obese,BMI of 40 or higher. Killip classification is used for the stratification of risk for early death (30-day mortality) after MI. 7 The Thrombolysis in Myocardial Infarction (TIMI) risk index is another tool for the stratification of risk for early death (hospital or 30-day mortality) in patients with ST-segment elevation and non-ST-segment elevation MI 8 and is reported in 3 categories in which a higher risk index is associated with greater mortality.
Statistical Methods
The descriptive results were displayed by the number of cardiovascular risk factors and first MI. Test for trend was performed to ascertain statistical significance of trends observed. The Mantel-Haenszel 2 test was used for trend in binomial proportions. For parametric continuous data, linear regression was used to test for zero slope of the regression line. Multivariable logistic regression was performed to assess the association of the number of CHD risk factors (up to 5) and hospital mortality. Other variables entered in a mortality model are listed in Table 1 , with the year the patient was enrolled. Given a potential concern of bias among patients with no recorded risk factors at presentation, crude mortality rates were reassessed, stratifying by (1) 5 distinct age groups; (2) excluding patients who died within either the initial 24 hours or 48 hours; (3) Killip classification I to IV; (4) TIMI risk index tertiles; and (5) BMI. Two-tailed tests were used and PՅ.001 was considered significant. All statistical analyses were conducted with SAS version 9.13.
RESULTS
Study Population and CHD Risk Factors
A total of 542 008 MI patients fulfilled study criteria (NRMI 1994 (NRMI -2006 . Only 14.4% had no risk factors identified at hospitalization, 81% had a clustering of 1 to 3 CHD risk factors, and 4.5% had 4 or 5 risk factors at presentation. The demographic features, presenting characteristics, and treatment of patients with or without CHD risk factors are shown in the Tables.
With increasing number of CHD risk factors, there was an inverse relationship whereby median age declined (P for trend Ͻ.001). There was no significant relationship between number of CHD risk factors and sex. Black patients had a greater number of CHD risk factors at first MI presentation; otherwise, there were no significant differences across the other races ( Table 1) .
The most common risk factor among patients with initial MI was hypertension (52.3%), followed by smoking (31.3%), dyslipidemia (28.0%), family history of CHD (28.0%), and the least common traditional risk factor, diabetes (22.4%) ( tory alone as a sole risk factor at hospitalization (each of these 3 groups represents about 3%-5% of the overall first MI population). Also, it was rare for first MI patients to have been obese or morbidly obese (alone) without any of the 5 traditional risk factors (5% of the overall population but 23% of those without any of the 5 risk factors). However, there was a direct association between obesity and increasing number of risk factors (P for trend Ͻ.001).
Presenting Characteristics, Process of Care Indicators, and Cardiovascular Morbidity
Among patients with 0 to 5 risk factors, there were only slight differences in symptom onset delay. However, there were clear differences in severity of illness, as based on either Killip classification or TIMI risk index. Generally, we observed an inverse relationship between number of CHD risk factors at presentation and the proportion of patients with cardiogenic shock at presentation (highest in patients with 0 risk factors at presentation [6.1%] and lowest in patients with 4 risk factors [3.3%]) or who had a TIMI risk index score of 30 or more (TABLE 2) .
Patients with few or no CHD risk factors were less likely to receive evidencebased medications within the initial 24 hours or invasive cardiac procedures such as coronary angiograms and coronary revascularization with either per-cutaneous coronary intervention or coronary artery bypass graft surgery (P for trend Ͻ.001) (TABLE 3) .
Patients with few or no CHD risk factors had significantly lower ejection fraction and more cardiac rupture, stroke, heart failure, shock, and ventricular tachycardia or fibrillation but little difference in bleeding and recurrent MI. TABLE 4 shows mortality stratified by the number of CHD risk factors and by severity at presentation. The total number of in-hospital all-cause deaths was 50 788. Overall, there was an inverse relationship between overall crude mor-tality and the number of CHD risk factors ascertained at presentation: 0 risk factors=14.9%, 1 risk factor=10.9%, 2 risk factors=7.9%, 3 risk factors=5.3%, 4 risk factors = 4.2%, and 5 risk fac-tors=3.6% (P for trend Ͻ.001). Given a concern of possible bias because of patients with more severe presentation and potentially providing less complete history, we reassessed mortality, stratified as follows: 5 age groups, after excluding patients who died within the initial 24 hours and 48 hours, Killip class, TIMI risk index, and BMI. In each category of stratification, the inverse relationship of higher mortality and decreasing number of CHD risk factors that was observed in the overall 
Crude and Adjusted Mortality
Killip study population was also consistently observed within each subgroup of risk. After adjusting for age and other important outcome-associated factors at presentation, there was a significant inverse relationship between adjusted mortality and number of CHD risk factors present at hospitalization (P for trend Ͻ.001) (FIGURE 2) .
COMMENT
To our knowledge, this analysis represents the largest study to date examining the relationship of the number of traditional CHD risk factors and mortality after initial MI in community practice. We confirmed the high prevalence of risk factor exposure in patients with MI, consistent with results in the previous literature. We observed a strik-ing inverse relationship between age and the number of CHD risk factors and also observed a significant inverse relationship between hospital mortality and number of CHD risk factors ascertained at hospitalization. Our analysis confirms that a majority (more than 85%) of patients have at least 1 of the 5 major traditional CHD risk factors. Our results are consistent with those of previous studies that reported between 80% and 90% of patients with CHD have at least 1 of 4 modifiable risk factors (diabetes, hypertension, hypercholesterolemia, and smoking). [1] [2] [3] [4] [5] However, many of these studies were limited to specific populations and therefore may not be generalizable to the overall population. In our analysis, perhaps not sur-prisingly, given the high correlation known to exist between BMI and individual risk factors such as hypertension, dyslipidemia, and diabetes, we observed a positive association between the number of CHD risk factors and higher levels of BMI. Taken together, these studies and our report should dispel the myth that a large number of MI patients may not have traditional CHD risk factors.
Little is known about the group of MI patients who present without traditional CHD risk factors. In the NRMI study, for the group with no major CHD risk factors, it is conceivable that risk factors were below the threshold of detection or recognition by either the patient or even the clinician, which would have underestimated their true prevalence be- Patients with a greater number of measurable CHD risk factors may have atherosclerotic progression of disease at a much faster rate (younger age) compared with those with few or no risk factors, such as diabetes, hypertension, dyslipidemia, or smoking, a finding that is biologically plausible. Eventually, age may increase the absolute baseline risk of CHD independent of risk factors; therefore, patients who present without risk factors tend to present at a later age once their baseline risk increases significantly enough to cause disease. 1 We observed a strong association of an inverse relationship between number of risk factors and hospital mortal- ity. This finding persisted despite the fact that patients with few or no risk factors were older and had more cardiogenic shock, higher TIMI risk score, and higher Killip class on initial presentation. In one smaller study of non-STsegment elevation MI patients in the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early Implementation of the ACC/AHA Guidelines study (CRUSADE), investigators reported an inverse association between number of risk factors and mortality, but this association was less consistent and was attenuated markedly after multivariable adjustment. 5 The absence of CHD risk factor exposure should not necessarily be viewed as a guarantee of a favorable prognostic sign. There may be multiple explanations for our finding of an inverse association between number of risk factors and mortality. These explanations can be grouped into methodological issues of ascertainment and other biases that limit useful inferences regarding causality vs real differences in pathophysiology, medical management, or both across groups with different numbers of risk factors.
First, and most concerning, would be that artifact from risk factor misclassification and bias with case ascertainment might explain our findings. The group with no identifiable risk factors on initial presentation was also at higher risk for mortality (higher Killip class and TIMI scores). Thus, patients without risk factors may have been too "sick" to provide an adequate history or report CHD risk factors. Similarly, ascertainment of the history could be age related, with history being less complete or reliable in the elderly. To address this concern of risk factor misclassification and bias with case ascertainment, we performed extensive sensitivity analyses. In each case, whether we restratified mortality into 5 distinct age groups or clinical severity of illness, or whether we excluded patients who died early, among patients with no or fewer risk factors, mortality was still consistently higher. Even if the 0 risk factor group was excluded from the analysis, a significant inverse relationship was observed among patients with 1 to 5 risk factors. In clinical practice, it is rare not to obtain any history either from previous records or interview of the spouse or family members. In our study, the percentage of uninsured patients was lowest in the MI group without any risk factors (5%), and such patients presumably would have had some access to medical care. Although bias with case ascertainment will always be a concern, our sensitivity analyses suggest that bias alone is not a likely explanation of an inverse relation-ship between number of risk factors and mortality.
Another possible explanation for the findings is that patients with conventional risk factors may die at a much younger age. If so, residual confounding by age is another potential methodological explanation of the association between number of risk factors and mortality. Similarly, selection bias could have limited enrollment of the elderly population to those who were healthier. However, given that our results persisted after stratification by age, these potential biases do not necessarily affect the relationship we observed between number of risk factors and mortality.
There may be potential explanations based on differences in pathophysiology or medical management across groups with different numbers of risk factors. First, MI patients with few or no risk factors received fewer evidence-based medications and invasive cardiac procedures, and this undertreatment may in part have contributed to worse outcome. Second, the presence of risk factors before first MI may modify medical management. Patients with more risk factors may be more likely to receive medications that treat their CHD risk factors before initial index MI, such as aspirin, statins, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and ␤-blockers. Although such patients may have eventually experienced MI, the severity of the infarct in patients with multiple CHD risk factors may have been attenuated through more aggressive treatment of risk factors before hospitalization and thus improved prognosis of their acute event.
A favorable management of risk factors has been one of the major explanations of declining mortality from MI during the past 25 years, for which half of the reduction in mortality is attributable to better treatment of risk factors. 9 Similarly, patients with a higher number of CHD risk factors may be more likely to have regularly consulted a physician as outpatients, and routine medical care is generally associated with a better prognosis. There may be differences in the biology of atherosclerosis and in patients with few or no risk factors. Virmani et al 10 showedthatriskfactorsinfluencetheprocess of atherosclerosis in pathologic studies of atherothrombosis. Also, angiogenesismaybeimpairedwithincreasingage, 11 and the lack of collateral coronary blood flow before vessel occlusion may increase infarct size and worsen hospital survival. In addition, an apparent obesity paradox, or index event bias, by which overweight or obese patients with established CHD disease have lower long-term mortality than nonobese patients, has been observed. [12] [13] [14] Becauseobesityisstronglyand positively associated with 3 of the 5 risk factors we studied (hypertension, dyslipidemia, and diabetes), we may be observing an acute event analog of this phenomenon, by which these risk factors appear to confer a "protective" effect at first MI.
Our study has several limitations. Although the presence of traditional CHD risk factors may lower our threshold for detecting clinically relevant CHD, the high prevalence of the same risk factors among patients without CHD decreases the discriminatory power of these risk factors to accurately predict which patients will develop MI or even clinically significant atherosclerosis (NRMI did not include a cohort without CHD). An important feature of these risk factors in general is that each has a continuous, dose-dependent effect on CHD risk, factors that we did not have available in our study (level of blood pressure, lipid and blood glucose control). The NRMI is an observational study and our results may be limited by bias, unmeasured confounders, and residual confounding. Thus, we cannot make causal inferences from our study. In addition, we examined only all-cause mortality, not CHD mortality specifically. We also had only limited data on comorbid illnesses. Last, ascertainment of risk factors was through medical record review at hospitalization. Still, we believe that our main finding of a strong inverse association between number of CHD risk factors and hospital mortality on first MI is robust.
CONCLUSION
We confirm the high likelihood of risk factor prevalence in patients with first MI, which is consistent with results of previous literature. We found that hospital mortality increased consistently as the number of risk factors declined, which may be due to residual confounding from older age and other unmeasured factors, although this finding persisted even after extensive adjustment for clinical factors and in subgroups stratified by age and severity. Future studies should seek to gain insight into the possible explanations of such an association.
